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(57) Abstract: According to the present invention, 
a small-sized electromagnetic wave measuring 
apparatus is provided which can simply measure an 
electromagnetic wave radiated from an antenna to 
be measured. The electromagnetic wave includes: 
a holder for holding the antenna to be measured; a 
plurality of probe antennas, provided on a circle having 
a center substantially at the holder, for detecting the 
electromagnetic wave radiated from the antenna to be 
measured; and a rotating unit for rotating the holder 
around a direction substantially perpendicular to a 
normal of the circle as a rotation axis. 
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DESCRIPTION 

Electromagnetic wave measuring apparatus 

5 

Technical Field 

The present invention relates to an electromagnetic wave 
measuring apparatus. More particularly, the present invention 
relates to an electromagnetic wave measuring apparatus which 
10 measures an electromagnetic wave radiated from an antenna to 
be measured by detecting it by means of a plurality of probe 
antennas . 

Background Art 

15 A. conventional electromagnetic wave measuring apparatus 

measures an electromagnetic wave radiated from an antenna to be 
measured on a partial sphere by scanning a large measuring antenna 
such as a dipole antenna, on a circular arc the center of which 
is positioned at the antenna to be measured or rotating the antenna 

20 to be measured at the center of the aforementioned circular arc, 

A high-speed diagnostic testing of a microwave antenna by 
means of a probe array in accordance with an advanced modulated 
scattering technique (A-MST) is disclosed in ,! Applications of 
25 A-MST probe arrays to fast diagnostic testing of anechoic chambers 
and microwave antennas", AMTA » 97 . 19th Meeting and Symposium, 
pp. 392-397 (1997) . 
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"On-line control in wood and paper industries by means of 
rapid microwave linear sensors", Conference Proceedings, 22nd 
European Microwave Conference 92 vol. 2, pp. 1037-40 (1992) 
discloses a measurement using microwave sensors respectively 
5 arranged at a plurality of positions by modulated scattering 
techniques (MST) . Moreover, "Advanced MST probe arrays for rapid 
diagnostic imaging", Proc 20th Annu Meet Symp Antenna Meas Tech 
Assoc 1998, pp. 241-246 (1998) discloses a high-speed diagnostic 
testing of an antenna in a near-field or a far-field by an 

10 electromagnetic wave measuring system using A-MST. In addition, 
"Optimization of the arrangement compact range-moduled scattering 
probe array for rapid far-field antenna measurement", I EE Conf 
Publ (Indust Electr Eng) No. 370 Pt 1 1993, pp. 376-379 (1993) 
discloses a measuring method for measuring a far-field pattern 

15 of an antenna by the MST which requires no mechanical movement. 

"Rapid near- field antenna testing via arrays of modulated 
scattering probes", IEEE Trans Antennas Propag Vol. 36 No. 6 
1988, pp. 804-814 (1988) discloses a measurement of a near-field 

20 of an antenna which uses an array of a number of scattering devices . 
Also, "Accuracy and speed characteristics of the bistatic MST 
for rapid near-field antenna measurements", AP-S Int Symp (IEEE 
Antennas Propag Soc) Vol. 1987, No. Vol.1, pp. 174-177 (1987) 
discloses a method for quickly performing the near-field 

25 measurement by using a small scattering probe. 



In the conventional electromagnetic wave measuring 
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apparatus, however, a large -scaled mechanism for scanning the 
large measuring antenna such as the dipole antenna on the circular 
arc is required. Moreover, since two driving mechanisms , i.e., 
the scanning mechanism for scanning the measuring antenna and 
5 another mechanism for rotating the antenna to be measured are 
used in the measurement, the measurement takes a long period 
of time. 

Disclosure of Invention 

10 Therefore, it is an object of the present invent ion to provide 

an electromagnetic wave measuring apparatus which is capable of 
overcoming the above drawbacks accompanying the conventional art. 
The above and other ob j ect s can be achieved by combinations described 
in the independent claims. The dependent claims define further 
. 15 advantageous and exemplary combinations of the present invention. 

According to the first aspect of the present invention, 
an electromagnetic wave measuring apparatus for measuring an 
electromagnetic wave radiated from an antenna to be measured, 
20 comprises: a holder operable to hold the antenna to be measured; 
and a plurality of probe antennas operable to detect the 
electromagnetic wave radiated from the antenna to be measured. 

Each arc of the plural ity of probe antennas may have a shielded 
25 loop probe for measuring a magnetic field in the electromagnetic 
wave . 
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The plurality of probe antennas may be arranged on a circular 
arc having a center substantially at the holder. Alternatively, 
the plurality of probe antennas may be arranged on a circle having 
a center substantially at the holder with constant intervals. 

5 

The electromagnetic wave measuring apparatus may further 
comprise: an installing unit operable to hold the plurality of 
probe antennas arranged on the circle; and a first rotating unit 
operable to rotate the installing unit around a straight line 
10 containing a diameter of the circle as a rotation axis. 

The electromagnetic wave measuring apparatus may further 
comprise a second rotating unit operable to rotate the holder around 
a straight line containing a diameter of the circle as a rotation 
15 axis. 

The electromagnetic wave measuring apparatus may further 
comprise: a measuring unit operable to measure a distribution of 
an electromagnetic field generated by the electromagnetic wave 
2 0 radiated from the antenna to be measured based on the electromagnetic 
wave detected by the plurality of probe antennas; and a switching 
unit operable to switch one of detection signals which is indicative 
of the electromagnetic wave detected by the plurality of probe 
antennas, respectively, is to be input to the measuring unit. 



The electromagnetic wave measuring apparatus may further 
comprise: a cable group containing a plurality of cables operable 
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to electrically connect each of the plurality of probe antennas 
to the measuring unit and to input each of the detection signals 
to the measuring unit; and an electromagnetic wave absorber, 
provided in surroundings of the cable group, operable to absorb 
5 the electromagnetic wave radiated from the antenna to be measured. 

The plurality of probe antennas may contain 
vertically-polarized wave antennas each of which detects a 
vertically polarized component of the electromagnetic wave and 
10 horizontally-polarized wave antennas each of which detects a 
horizontally polarized component of the electromagnetic wave. 

The vertically-polarized wave antennas and the 
horizontally-polarized wave antennas may be arranged to be opposed 
15 to each other with the rotation axis sandwiched therebetween. 



The electromagnetic wave measuring apparatus may further 
comprise a fixed antenna, provided on a position away from the 
antenna to be measured by a predetermined distance, operable to 
20 detect the electromagnetic wave radiated from the antenna to be 
measured. 

The measuring unit may further measure a phase difference 
between an electromagnetic wave detected by a first plurality of 
25 probe antennas and the electromagnetic wave detected by the fixed 
antenna. Moreover, the measuring unit may further measure a phase 
difference between an electromagnetic wave detected by a second 
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plurality of probe antennas and the electromagnetic wave detected 
by the fixed antenna to further measure a phase difference between 
the electromagnetic waves detected by the first and second probe 
antennas. 

5 

The electromagnetic wave measuring apparatus may further 
comprise a first rotating unit operable to rotate the plurality 
of probe antennas around the holder as a center of rotation. 

10 The installing unit may include a converting unit operable 

to convert each of the detection signals into a converted signal 
having a frequency different from the electromagnetic wave and 
to supply the converted signal to the measuring unit . In addition, 
the installing unit may include an electricity accumulating unit 

15 operable to supply electricity to the converting unit. 

The installing unit may include: a plurality of converting 
units provided for the plurality of probe antennas, respectively; 
and a plurality of electricity accumulating units provided for 
20 the plurality of converting units, respectively, each of the 
electricity accumulating units supplying the electricity to a 
corresponding plurality of converting units. 

The converting unit may output an optical signal as the 
25 converted signal and supplies the optical signal to the measuring 
unit via an optical fiber. 
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The converting unit may supply the converted signal to the 
measuring unit by wireless communication. 

The summary of the invention does not necessarily describe 
all necessary features of the present invention. The present 
invention may also be a sub- combination of the features described 
above . The above and other features and advantages of the present 
invention will become more apparent from the following description 
of the embodiments taken in conjunction with the accompanying 
drawings . 

Brief Description of Drawings 

Fig. 1 illustrates a structure of an electromagnetic wave 
measuring apparatus according to the first embodiment of the present 
invention. 

Fig. 2 shows an example of a converting unit, an electricity 
accumulating unit and an optical fiber according to the first 
embodiment of the present invention. 

Fig. 3 illustrates a structure of an electromagnetic wave 
measuring apparatus according to the second embodiment of the 
present invention. 

Fig. 4 shows an example of a converting unit, an electricity 
accumulating unit and a receiving antenna according to the second 
embodiment of the present invention. 

Fig. 5 illustrates a structure of an electromagnetic wave 
measuring apparatus according to the third embodiment of the present 
invention. 
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Fig. 6 illustrates a structure of an electromagnetic wave 
measuring apparatus according to the fourth embodiment of the 
present invention. 

5 Best Mode for Carrying Out the Invention 

The invention will now be described based on the preferred 
embodiments, which do not intend to limit the scope of the present 
invention, but exemplify the invention. All of the features and 
the combinations thereof described in the embodiments are not 
10 necessarily essential to the invention. 

(Embodiment 1) 

Fig. 1 illustrates a structure of an electromagnetic wave 
measuring apparatus 10 according to the first embodiment of the 

15 present invention. The electromagnetic wave measuring apparatus 
10 includes a mechanism 100 having a holder 104, a plurality of 
probe antennas 102, an installing unit 112, an electromagnetic 
wave absorber 110, a fixed antenna 114 and an optical fiber 118; 
and a processing system 2 00 having a supplying unit 2 04 , a measuring 

20 unit 206, a switching unit 208, a controller/memory/processing 
unit 210, a first rotating unit 212 and a second rotating unit 
202. 

In the present embodiment, an antenna to be measured 300 
25 radiates an electromagnetic wave based on an RF output signal 
supplied thereto. The holder 104 holds the measured antenna 300. 
Each probe antenna 102 detects the electromagnetic wave radiated 
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from the measured antenna 300. The installing unit 112 holds the 
probe antennas 102 on a circle having a center substantially at 
the holder 104 (hereinafter, simply referred to as an installation 
ring) with constant intervals . Alternatively, the installing unit 
5 112 may hold the probe antennas 102 on a circular arc the center 
of which is positioned substantially at the holder 104- The 
electromagnetic wave absorber 110 is provided to cover the probe 
antennas 102, thereby absorbing the electromagnetic wave radiated 
from the measured antenna 300. The fixed antenna 114 is arranged 
10 on a position away from the measured antenna 3 00 by a predetermined 
distance so that the fixed antenna 114 can detect the electromagnetic 
wave radiated from the measured antenna 300. The optical fiber 
118 transmits detection signals that indicate the electromagnetic 
wave detected by the respective probe antennas 102 . 

15 

The supplying unit 204 supplies the RF output signal to 
the measured antenna 300. The measuring unit 206 measures the 
electromagnetic wave radiated from the measured antenna 300 based 
on the detection signals respectively indicating the 

20 electromagnetic wave detected by the probe antennas 102, so as 
to obtain a distribution of the electromagnetic wave on the circle 
on which the probe antennas 102 are provided. The switching unit 
208 switches one of the detection signals which is indicative of 
an electromagnetic field detected by the probe antennas 102 is 

2 5 input to the measuring unit 206 in sequence, thereby allowing the 
detection signals to be input to the measuring unit 206. 
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The controller/memory/processing unit 210 controls the 
respective components of the apparatus 10. Moreover, the 
controller/memory/processing unit 210 stores the electromagnetic 
field distribution measured by the measuring unit 206 so as to 
5 correspond to the amount of rotation of the holder 104. 

The first rotating unit 212 rotates the installing unit 
112. More specifically, the first rotating unit 212 rotates the 
installing unit 112 around a straight line containing a diameter 

10 of the installation ring as a rotation axis. In the present 

embodiment, the first rotating unit 212 rotates the installing 
unit 112 around a straight line vertically passing through the 
center of the installation ring as the rotation axis. Moreover, 
the first rotating unit 212 rotates the installing unit 112 by 

15 a predetermined angle in each rotation. The predetermined angle 
is, for example, one degree or 10 degrees . Alternatively, the first 
rotating unit 212 may rotate the installing unit 112 around a straight 
line passing in the vicinity of the diameter of the installation 
ring as the rotation axis. The second rotating unit 202 rotates 

20 the holder 104. 

The electromagnetic wave measuring apparatus 10 of the 
present embodiment measures the distributionof the electromagnetic 
field generated by the electromagnetic wave radiated from the 
25 measured antenna 300 while repeatedly rotating the installing unit 
112 that holds the probe antennas 102 by the predetermined angle 
in each rotation, thereby measuring the distribution of the 
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electromagnetic field generated by the electromagnetic wave 
radiated from the measured antenna 300 on a sphere having a center 
substantially at the holder 104. 

5 More specifically, after each rotation in which the first 

rotating unit 112 rotates the installing unit 112 by the 
predetermined angle, the measuring unit 206 measures the 
electromagnetic f ielddistributiononthe installationring, formed 
by the electromagnetic wave radiated from the measured antenna 

10 300, based on the detection signals indicative of the 

electromagnetic wave detected by the respective probe antennas 
102 . The electromagnetic field distribution thus measured is then 
stored in the controller/memory/processing unit 210 so as to 
correspond to the rotational amount of the installing unit 112. 

15 While the first rotating unit 212 repeatedly rotates the installing 
unit 112 so that the installing unit 112 is rot a ted by one revolution, 
the controller/memory/processing unit 210 measures the 
electromagnetic field distribution on the sphere which is scanned 
by the probe antennas 102 during the one -revolution of the rotation 

20 of the installing unit 102, based on the electromagnetic field 
distributions measured by the measuring unit 2 06 in the respective 
rotations by the predetermined rotation angle. 

In the following, the probe antenna 102 and the installing 
25 unit 112 are described in more detail. The plurality of probe 
antennas 102 are, for example, loop antennas. Among the probe 
antennas 102, a probe antenna 102a detects a vertically polarized 
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wave of the electromagnetic wave radiated from the measured antenna 
300, while a probe antenna 102b detects a horizontally polarized 
wave thereof. The probe antenna 102a for the vertically polarized 
wave and the probe antenna 102b for the horizontally polarized 
5 wave are arranged to be opposed to each other with the rotation 
axis of the installing unit 112 sandwiched therebetween. The probe 
antennas 102 are preferably arranged in such a manner that the 
antennas for the vertical polarized wave and the antennas for the 
horizontally polarized wave are alternately arranged. 

10 

In the present embodiment, each of the probe antennas 102 
has a shielded loop probe which measures a magnetic field in the 
electromagnetic wave by detecting magnetic flux perpendicular to 
a plane of the loop. The shielded loop probe may be a single-gap 

15 shielded loop, for example- Since the shielded loop antenna works 
as a magnetic sensor, the shielded loop antenna can detect the 
magnetic field without being affected by the electric field even 
in a case that the distance between the measuring antenna and the 
probe is short. Also, since the aperture is small, the shielded 

2 0 loop antenna can detect the position of the magnetic field 

accurately. In other words, high precision of the solid angle 
corresponding to the measuring antenna can be achieved even in 
a case that the distance between the measuring antenna and the 
probe is short. Thus, by comprising the shielded loop antenna, 

25 the apparatus can be miniaturized. 



In the present embodiment, the probe antenna 102a for the 
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vertical polarized wave has a shielded loop probe with a loop plane 
arranged on the same plane as the installation ring. On the other 
hand, the probe antenna 102b for the horizontally polarized wave 
has a shielded loop probe with a loop plane perpendicular to a 
plane containing the installation ring. In an alternative 
embodiment, the probe antennas may be minute dipole antennas, for 
example. 

According to the electromagnetic wave measuring apparatus 
10 of the present embodiment, the probe antennas 102 provided on 
the installation ring detect the electromagnetic wave radiated 
from the antenna to be measured 300. Thus, the mechanism for 
scanning the probe antennas 102 and the measured antenna 300 can 
be configured simply and it is therefore possible to simply detect 
the electromagnetic wave radiated from the measured antenna 300. 

Moreover, according to the electromagnetic wave measuring 
apparatus 10, the antennas for the vertical polarized wave and 
the antennas for the horizontally polarized wave are arranged on 
the installation ring in such a manner that the antennas for the 
vertical polarized wave are opposed to the antennas for the 
horizontally polarized wave with the axis of the rotation of the 
installing unit 112 sandwiched therebetween. Thus, only by 
rotating the installing unit 112 on which the probe antennas 102 
are provided by one revolution by means of the first rotating unit 
212, the vertical and horizontal polarized components of the 
electromagnetic wave radiated from the measured antenna 300 can 
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be detected on the sphere having the center positioned at the holder 
104. 

The installing unit 112 holds a plurality of probe antennas 
102 provided on the installation ring with constant intervals. 
The installing unit 112 has a converting unit 116 that converts 
the detection signals indicative of the electromagnetic wave 
detected by the respective probe antennas 102 into converted signals 
having frequencies different from that of the electromagnetic wave, 
and supplies the converted signals to the measuring unit 206. In 
the present embodiment, the converting unit 116 receives as the 
detection signal an output voltage of the shielded loop probe 
included in the probe antenna 102 , and then outputs as the converted 
signal an optical signal having the intensity in proportion to 
the intensity of the associated detection signal. 

In the present embodiment, the installing unit 112 includes 
a plurality of converting units 116 that correspond to the probe 
antennas 102, respectively. Each converting unit 116 supplies the 
20 converted signal to the measuring unit 206 via the switching unit 
208. The installing unit 112 further includes an electricity 
accumulating unit for supplying electricity to the converting unit 
116, preferably. The installing unit 112 may include a plurality 
of electricity accumulating units . In the present embodiment , the 
25 installing unit 112 includes a plurality of electricity 

accumulating units respectively provided for the converting units 
116, each of which supplies the electricity to the corresponding 
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converting unit 116. 

Fig. 2 shows an example of the converting unit 116, the 
electricity accumulating unit 402 and the optical fiber 118 in 
5 the present embodiment . In the present embodiment , the converting 
unit 116 outputs the optical signal as the converted signal so 
as to supply it to the switching unit 208 via the optical fiber 
118. Moreover, the converting unit 116 supplies the converted 
signal to the measuring unit 206 (see Fig. 1) via the optical fiber 

10 118 and the switching unit 208. In the present embodiment, the 
converting unit 116 has an optical signal converting unit 404 which 
receives the detection signal from the corresponding probe antenna 
102 and converts it to the optical signal having the frequency 
different from that of the electromagnetic wave detected by the 

15 corresponding probe antenna 102. The optical signal converting 
unit 404 outputs the optical signal having the intensity in 
proportion to the intensity of the detected signal received from 
the corresponding probe antenna 102 . Moreover, the optical signal 
converting unit 404 receives the electricity supplied from the 

20 electricity accumulating unit 402, 

According to the present embodiment, by rotating the 
installing unit 112 by one revolution around the rotation axis 
while the position of the antenna to be measured 300 is kept 
25 unchanged, the distribution of the electromagnetic field generated 
by the electromagnetic wave radiated from the measured antenna 
300 can be measured on the sphere having the center substantially 
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at the holder 104. In addition, in a case where the present 
embodiment is applied to a spherical scanning electric wave 
holography algorism, for example, adverse effects of background 
noise caused by the surroundings of the probe antenna 102 can be 
5 cancelled in the process of integration for the closed space . Thus, 
highprecisionestimationof the electromagnetic f ielddistribution 
can be achieved. 

Moreover, in the present embodiment, the optical fiber 118 
10 transmits the detection signals detected by the respective probe 
antennas 102 included in the mechanical system 100 to the processing 
system 200. Thus, according to the present embodiment, it is 
possible to reduce adverse effects of a cable or cables transmitting 
the signal between the mechanism 100 and the processing system 
15 200 on the measurement result. 

In another embodiment, the second rotating unit 202 may 
rotate the holder 104. In this case, the electromagnetic wave 
measuring apparatus 10 can quickly measure the electromagnetic 
20 wave by spherical scanning electric wave holography at respective 
positions while changing the positional relationship between the 
measured antenna 300 and the surroundings. 

In still another embodiment, the antenna to be measured 
25 300 may include a transmitter and radiate the electromagnetic wave 
based on an RF output signal generated by the transmitter. Also 
in this case, a phase difference between the electromagnetic wave 
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detected by each probe antenna 102 and that detected by the other 
probe antenna 102 is measured based on a phase difference between 
the electromagnetic wave detected by each of the probe antennas 
102 and that detected by the fixed antenna 114. Thus, 
5 high-precision measurement can be achieved. 

(Embodiment 2) 

Fig. 3 illustrates a structure of an electromagnetic wave 
measuring apparatus 10 according to the second embodiment of the 

10 present invention. The electromagnetic wave measuring apparatus 
10 includes: a mechanism 100 having a holder 104, a plurality of 
probe antennas 102, an installing unit 112, an electromagnetic 
wave absorber 110, a fixed antenna 114 and a receiving antenna 
120; and a processing system 200 having a supplying unit 204, a 

15 measuring unit 206, a switching unit 208, a 

controller/memory/processing unit 210, a first rotating unit 212 
and a second rotating unit 202 . The holder 104, the probe antennas 
102, the electromagnetic wave absorber 110, the fixed antenna 114, 
the first and second rotating units 212 and 202, the supplying 

20 unit 204, the measuring unit 206, the switching unit 208 and the 
controller/memory/processing unit 210 in the present embodiment 
have the same functions as the corresponding components in the 
first embodiment shown in Fig. 1. 

25 The installing unit 112 has a plurality of converting units 

116 provided for the probe antennas 102, respectively, each of 
which receives the detection signal indicative of the 
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electromagnetic wave detected by the corresponding probe antenna 
102 and converts it to the converted signal having the frequency- 
different from that of the electromagnetic wave. The converted 
signals are supplied from the converting units 116 to the measuring 
5 unit 2 06. In the present embodiment, each converting unit 116 
receives the output voltage of the shielded loop probe of the 
corresponding probe antenna 102 as the detection signal, and 
supplies the converted signal having the intensity in proportion 
to the intensity of the detection signal to the measuring unit 

10 206 by wireless communication. The receiving antenna 120 receives 
the converted signals respectively sent from the converting units 
116 and supplies them to the measuring unit 206 via the switching 
unit 208 . The receiving antenna 120 is preferably provided on such 
a position that the receiving antenna 120 has no influence on the 

15 measurement by the electromagnetic wave measuring apparatus 10. 
For example , the receiving antenna 12 0 maybe provided in the vicinity 
of the axis of the rotation by the first rotating unit. 



Fig. 4 shows an example of the converting unit 116, the 
20 electricity accumulating unit 402 and the receiving antenna 120 
in the present embodiment. In the present embodiment, each 
converting unit 116 includes a frequency converting unit 406 which 
outputs the converted signal obtained by converting the frequency 
of the detection signal from the corresponding probe antenna 102, 
25 and a transmitting antenna 408 which transmits the thus obtained 
converted signal. The transmitting antenna 408 may be a planar 
antenna provided on a surf ace of the installing unit 112 , for example . 
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The frequency converting unit 406 receives the electricity supplied 
from the electricity accumulating unit 402. 

In the present embodiment, the transmitting antenna 408 
5 transmits the detection signal indicative of the electromagnetic 
wave detected by the corresponding probe antenna 102 to the receiving 
antenna 12 0 by wireless communication. Thus, also in the present 
embodiment, it is possible to reduce the adverse effects of the 
cables (s) for transmitting signals between the mechanism 100 and 
10 the processing system 200 on the measurement result. 

(Embodiment 3) 

Fig. 5 illustrates a structure of an electromagnetic wave 
measuring apparatus 10 according to the third embodiment of the 

15 present invention. The electromagnetic wave measuring apparatus 
10 includes a mechanism 100 having a holder 104 which holds an 
antenna to be measured 300, a plurality of probe antennas 102 each 
of which detects an electromagnetic wave radiated from the measured 
antenna 300, an installing unit 112 on which the plurality of probe 

20 antennas 102 are provided, a cable group 106 containing a plurality 
of cables for electrically connecting each of the probe antennas 
102 and the measuring unit 206 and outputting detection signals 
respectively indicating the electromagnetic wave detected by the 
probe antennas 102 to the outside, an electromagnetic wave absorber 

25 108 provided in surroundings of the cable group 106 for absorbing 
the electromagnetic wave radiated from the measured antenna 3 00, 
another electromagnetic wave absorber 110 provided to cover the 
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probe antennas 102 for absorbing the electromagnetic wave radiated 
from the measured antenna 300; and a processing system 200 having 
a second rotating unit 202 for rotating the holder 104, a supplying 
unit 204 for supplying an RF output signal to the measured antenna 
5 300, a measuring unit 206 for measuring a distribution of an 
electromagnetic field generated by the electromagnetic wave 
radiated from the measured antenna 300 based on the electromagnetic 
wave detected by the respective probe antennas 102, a switching 
unit 2 08 for switching one of the detection signals respectively 
10 indicating the electromagnetic wave detected by the probe antennas 
102 is to be input to the measuring unit 206, a 
controller/memory/processing unit 210 for controlling the 
respective components of the electromagnetic wave measuring 
apparatus 100. 

15 

A plurality of probe antennas 102 are provided on the circle 
having the center substantially at the holder 104, i.e., the 
installation ring with constant intervals. The second rotating 
unit 2 02 rotates the measured antenna 300 by rotating the holder 

20 104 around the diameter of the installation ring as the rotation 
axis. In other words, the second rotating unit 2 02 rotates the 
measured antenna 300 by rotating the holder 104 in a plane 
substantially perpendicular to a plane containing the circle. It 
is preferable to arrange the holder 104 substantially at the center 

25 of the installation ring. In an alternative embodiment, the probe 
antennas 102 may be provided on a circular arc having the center 
substantially at the holder 104. Moreover, the second rotating 
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unit 202 may rotate the probe antennas 102 by rotating the installing 
unit 112 around the holder 104 as the center of the rotation. 
According to the electromagnetic wave measuring apparatus 10 of 
the present embodiment, the electromagnetic wave radiated from 
5 the measured antenna 300 is detected by using the probe antennas' 
102 provided on the installation ring. Thus, the mechanism for 
scanning the probe antennas 102 and the measured antenna 300 can 
be made simple, and it is therefore possible to simply detect the 
electromagnetic wave radiated from the measured antenna 300. 

10 

The probe antennas 102 are loop antennas, for example. 
Moreover , the probe antennas 102 contains the probe antennas 102a 
for detecting the vertically polarized component of the 
electromagnetic wave radiated from the measured antenna 300 and 

15 the probe antennas 102b for detecting the horizontally polarized 
component thereof. The probe antennas 102a and 102b are arranged 
to be opposed to each other with the axis of the rotation of the 
holder 104 by the second rotating unit 202 sandwiched therebetween. 
The probe antennas 102 are preferably arranged in such a manner 

20 that the antennas 102a for the vertically polarized wave and the 
antennas 102b for the horizontally polarized wave are alternately 
arranged . 

According to the electromagnetic wave measuring apparatus 
25 10 of the present embodiment, the antenna for the horizontally 
polarized wave and the antenna for the vertically polarized wave 
are arranged to be opposed to each other with the axis of the rotation 
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of the holder 104 by the second rotating unit 202 sandwiched 
therebetween. Thus, it is possible to detect the vertically and 
horizontally polarized components of the electromagnetic wave 
radiated from the antenna to be measured 300 on a sphere having 
5 the center of which is positioned at the holder 104 only by rotating 
the measured antenna 3 00 by one revolution by means of the second 
rotating unit 202. 

An operation of the electromagnetic wave measuring apparatus 

10 10 of the present embodiment is described in the following. First, 
the supplying unit 2 04 supplies the RF output signal to the antenna 
to be measured 300. The measured antenna 300 radiates the 
electromagnetic wave based on the RF output signal thus supplied. 
The probe antennas 102 then detect the electromagnetic wave radiated 

15 from the measured antenna 300. Then, the switching unit 208 
switches one of the detection signals each indicating the 
electromagnetic wave detected by the respective probe antenna 102 
in sequence, thereby inputting these detection signals to the 
measuring unit 206. The measuring unit 206 then measures the 

2 0 electromagnetic wave radiated from the measured antenna 300 based 
on the detection signals input thereto, so as to obtain the 
electromagnetic field distribution on the circle on which the probe 
antennas 102 are arranged. The controller/memory/processing unit 
210 stores the electromagnetic field distribution thus measured 

25 by the measuring unit 206 so as to correspond to the rotation amount 
of the holder 104. 
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Then, the second rotating unit 202 rotates the holder 104 
which holds the measured antenna 300 by a predetermined angle. 
The predetermined angle is f for example , one degree or ten degrees . 
Each of the probe antennas 102 detects the electromagnetic wave 
5 radiated from the measured antenna 300. The switching unit 208 
switches one of the detection signals indicating the 
electromagnetic wave detected by the respective probe antennas 
102 is to be input to the measuring unit 206 in sequence, thereby 
inputting these detection signals to the measuring unit 206 in 

10 a sequential manner. The measuring unit 206 then measures the 
electromagnetic field distribution generated by the 
electromagnetic wave radiated from the measured antenna 300 based 
on the detection signals input thereto. The 
controller/memory/processing unit 210 stores the measured 

15 electromagnetic field distribution so as to correspond to the 
rotation amount of the holder 104. 

In the above-mentioned manner, the electromagnetic field 
distribution generated by the electromagnetic wave radiated from 

20 the measured antenna 300 is measured, while the holder 104 which 
holds the measured antenna 300 is rotated by the predetermined 
angle repeatedly, thereby the electromagnetic field distribution 
on the sphere having the center substantially at the holder 104, 
that is generated by the electromagnetic wave radiated from the 

25 measured antenna 300, can be measured. 

(Embodiment 4) 
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Fig. 6 illustrates an electromagnetic wave measuring 
apparatus 10 according to the fourth embodiment of the present 
invention. The electromagnetic wave measuring apparatus 10 
further includes a fixed antenna 114 for detecting the 
5 electromagnetic wave radiated from the measured antenna 300, which 
is arranged on a position away from the measured antenna 300 by 
a predetermined distance, in addition to the components of the 
apparatus shown in Fig. 5. The fixed antenna 114 is held by the 
holder 104 and remains unchanged relative to the measured antenna 
10 300 irrespective of the rotation of the holder 104. The fixed 
antenna 114 detects the electromagnetic wave radiated from the 
measured antenna 300 and outputs a reference signal indicative 
of the detected electromagnetic wave to the measuring unit 206. 

15 In the present embodiment, the measuring unit 206 measures 

a phase difference between the electromagnetic wave detected by 
each of the probe antennas 102 and that detected by the fixed antenna 
114 . Moreover, based on the thus measured phase difference between 
the electromagnetic wave detected by each of the probe antennas 

20 102 and that detected by the fixed antenna 114, the measuring unit 
206 measures a phase difference between the electromagnetic wave 
detected by each probe antenna 102 and that detected by the other 
probe antenna 102. 

25 Furthermore, by measuring the phase differences of the 

electromagnetic wave between the positions of the probe antennas 
102 while the measured antenna 300 is repeatedly rotated in such 
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a manner the measured antenna 300 is rotated by a predetermined 
rotation angle in each rotation, the phase differences of the 
electromagnetic wave between respective positions on the sphere 
can be measured. 

According to the present embodiment, the phase differences 
between the electromagnetic waves detected by the respective probe 
antennas 102 are measured based on the phase difference between 
the electromagnetic wave detected by each of the probe antennas 
102 and that detected by the fixed antenna 114 . Thus, high precision 
measurement can be achieved. 

In addition, the electromagnetic wave measuring apparatus 
10 uses a probe antenna having a shielded loop probe as the antenna 
for detecting the electromagnetic wave radiated from the measured 
antenna 300. Thus, it can be fabricated with a very small size. 
Moreover, since the electromagnetic wave radiated from the measured 
antenna 300 is detected by the probe antennas provided on the circle 
having the center substantially at the measured antenna 300, the 
measurement can be performed without the actual scan of the probe 
antennas. 

Although the present invention has been disclosed by way 
of the exemplary embodiments, it should be understood that those 
skilled in the art might make many changes and substitutions without 
departing from the spirit and the scope of the present invention 
which is defined only by the appended claims. 
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Industrial Applicability 

As is apparent from the above, according to the present 
invention, a small -sized electromagnetic wave measuring apparatus 
5 that enables simple measurement of the electromagnetic wave 
radiated from the antenna to be measured can be provided. 
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CLAIMS 

1. An electromagnetic wave measuring apparatus for measuring an 
electromagnetic wave radiated from an antenna to be measured, 
comprising: 

a holder operable to hold said antenna to be measured; and 
a plurality of probe antennas operable to detect said 
electromagnetic wave radiated from said antenna to be measured. 

2. An electromagnetic wave measuring apparatus according to claim 
1 # wherein each of said plurality of probe antennas has a shielded 
loop probe for measuring a magnetic field in said electromagnetic 
wave. 

3. An electromagnetic wave measuring apparatus as claimed in claim 
1 , wherein saidplural i ty of probe antennas are arranged on a circular 
arc having a center substantially at said holder. 

4. An electromagnetic wave measuring apparatus as claimed in claim 
1, wherein said plurality of probe antennas are arranged on a circle 
having a center substantially at said holder with constant 
intervals. 

5. An electromagnetic wave measuring apparatus as claimed in claim 
4, further comprising: 

an installing unit operable to hold said plurality of probe 
antennas arranged on said circle; and 
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a first rotating unit operable to rotate said installing 
unit around a straight line containing a diameter of said circle 
as a rotation axis. 

6 . An electromagnetic wave measuring apparatus as claimed in claim 
4, further comprising a second rotating unit operable to rotate 
said holder around a straight line containing a diameter of said 
circle as a rotation axis. 

7. An electromagnetic wave measuring apparatus as claimed in claim 
5 or 6, further comprising: 

a measuring unit operable to measure a distribution of an 
electromagnetic field generated by said electromagnetic wave 
radiated from said antenna to be measured based on said 
electromagnetic wave detected by said plurality of probe antennas; 
and 

a switching unit operable to switch which one of detection 
signals indicative of said electromagnetic wave detected by said 
plurality of probe antennas, respectively, is to be input to said 
measuring unit . 

8. An electromagnetic wave measuring apparatus as claimed in claim 
7, further comprising: 

a cable group containing a plurality of cables operable 
to electrically connect each of said plurality of probe antennas 
to said measuring unit and to input each of said detection signals 
to said measuring unit; and 
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an electromagnetic wave absorber, provided in surroundings 
of said cable group, operable to absorb said electromagnetic wave 
radiated from said antenna to be measured. 

9. An electromagnetic wave measuring apparatus as claimed in claim 
7, wherein said plurality of probe antennas contains 
vertically-polarized wave antennas each of which detects a 
vertically polarized component of said electromagnetic wave and 
horizontally-polarized wave antennas each of which detects a 
horizontally polarized component of said electromagnetic wave. 

10. An electromagnetic wave measuring apparatus as claimed in 
claim 9, wherein said vertically-polarized wave antennas and said 
horizontally-polarized wave antennas are arranged to be opposed 
to each other with said rotation axis sandwiched therebetween. 

11- An electromagnetic wave measuring apparatus as claimed in 
claim 7, further comprising a fixed antenna, provided on a position 
away from said antenna to be measured by a predetermined distance, 
operable to detect said electromagnetic wave radiated from said 
antenna to be measured. 

12. An electromagnetic wave measuring apparatus as claimed in 
claim 11, wherein said measuring unit further measures a phase 
difference between an electromagnetic wave detected by a first 
one of said plurality of probe antennas and said electromagnetic 
wave detected by said fixed antenna. 
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13. An electromagnetic wave measuring apparatus as claimed in 
claim 12, wherein said measuring unit further measures a phase 
difference between an electromagnetic wave detected by a second 
said plurality of probe antennas and said electromagnetic wave 
detected by said fixed antenna to further measure a phase difference 
between said electromagnetic waves detected by said first and second 
probe antennas. 

14. An electromagnetic wave measuring apparatus as claimed in 
claim 4 , further comprising a first rotating unit operable to rotate 
said plurality of probe antennas around said holder as a center 
of rotation. 

15. An electromagnetic wave measuring apparatus as claimed in 
claim 7 , wherein said installing unit includes a converting unit 
operable to convert each of said detection signals into a converted 
signal having a frequency different from said electromagnetic wave 
and to supply said converted signal to said measuring unit. 

16. An electromagnetic wave measuring apparatus as claimed in 
claim 15, wherein said installing unit includes an electricity 
accumulating unit operable to supply electricity to said converting 
unit . 

17. An electromagnetic wave measuring apparatus as claimed in 
claim 16, wherein said installing unit includes: 

a plurality of converting units provided for said plurality 
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of probe antennas, respectively; and 

a plurality of electricity accumulating units provided for 
said plurality of converting units, respectively, each of said 
electricity accumulating units supplying said electricity to a 
corresponding one of said plurality of converting units. 

18. An electromagnetic wave measuring apparatus as claimed in 
claim 15, wherein said converting unit outputs an optical signal 
as said converted signal and supplies said optical signal to said 
measuring unit via an optical fiber. 

19. An electromagnetic wave measuring apparatus as claimed in 
claim 15, wherein said converting unit supplies said converted 
signal to said measuring unit by wireless communication. 
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